Background--Poor sleep increases cardiovascular disease risk, and diet likely contributes to this relationship. However, there are limited epidemiological data on the relationship between measures of sleep quality and habitual dietary patterns. This study examined these associations in a diverse sample of women.
S leep is recognized as playing an essential role in cardiometabolic health, 1 but underlying mechanisms warrant further investigation. Both short sleep duration and poor sleep quality are associated with the development of obesity, 1,2 type 2 diabetes mellitus, 3 and cardiovascular disease (CVD), 4 and it is likely that the relationship between sleep and cardiometabolic disease risk is partially mediated by diet. 5 Indeed, experimental studies demonstrate that restricting sleep duration leads to increases in energy intake, [5] [6] [7] [8] confirming associations of short sleep with higher energy intakes in observational population-based studies. 9, 10 Epidemiological data on the relation between quality of sleep and habitual dietary patterns, however, are limited. This is especially true in women, who are at increased risk for obesity 11 and particularly prone to poor sleep quality and sleep disturbances. 12 Thus, the purpose of the current study was to investigate the associations of overall sleep quality, sleep-onset latency, and insomnia presence and severity with diet quality in a diverse sample of women.
Sleep quality encompasses a number of factors related to the ability to fall asleep and stay asleep 13 and extends to disordered patterns of sleep, such as insomnia. 14 Few studies have examined general sleep quality and the presence of insomnia in relation to intake of foods and food groups linked to CVD risk. Poor sleep quality has been found to relate to higher intakes of confectionary 15 and lower intakes of fish 15, 16 and low energy-density fruits 17 and vegetables. 15, 18 Similarly, insomnia symptoms have been associated with increased consumption of energy, 19, 20 fat, 19, 21 and saturated fat 21 in addition to lower intakes of protein, 22 fiber, 21 and vegetables. 20 Although findings are generally indicative of detrimental associations between poor sleep quality and insomnia in relation to diet quality, 20, 23 results have been inconsistent and are often narrowly focused on specific foods or nutrients. It is also difficult to determine whether observed associations will extend to different populations, particularly women varying in age, race, and ethnicity, since previous samples were typically limited to men or middle-aged and elderly women. Moreover, no study has assessed aspects of both general sleep quality and insomnia together (as opposed to one or the other) in relation to the diet in the same population. These limitations, along with the heterogeneity in sleep quality and insomnia measures, many of which have not been validated, demonstrate the need for further investigation into the extent to which quality of sleep relates to the overall diet.
The current study aims to examine the associations of both subclinical and clinical measures of sleep quality (including overall sleep quality, sleep-onset latency, and insomnia) with energy and macronutrient intakes as well as with intake of specific foods associated with disease risk. To our knowledge, this study also represents one of the earliest investigations of these relationships in a diverse cohort of women representing a broad range of life stages. We hypothesized that poor sleep quality, longer sleep-onset latency, and more severe insomnia would be associated with poorer diet quality, characterized by higher intakes of energy, total fat, saturated fat, added sugars, caffeine, and food by weight as well as lower intakes of protein, unsaturated fat, fiber, fruits and vegetables (FV), dairy, whole grains, and fish. Results of this study will contribute to a more comprehensive understanding of the relationship between habitual patterns of sleep and diet in a population at increased risk for poor sleep and CVD, 24 and this could aid in the development of interventions to reduce obesity risk.
Subjects and Methods

Design
This study assessed the relation between parameters of sleep quality and dietary intakes using a cross-sectional design. Baseline data were analyzed from a diverse sample of women who encompassed different stages of adulthood and who were enrolled in a 1-year prospective cohort study of sleep and cardiovascular risk as part of the American Heart Association Go Red for Women Strategically Focused Research Network at Columbia University Irving Medical Center (CUIMC).
Participants and Procedures
English-and Spanish-speaking nonpregnant women between the ages of 20 and 79 years were eligible to participate in this population-based study. Women were recruited from New York-Presbyterian Hospital/CUIMC and neighboring communities by bilingual study staff and physicians. Eligible women (n=506) completed a baseline visit at CUIMC, during which demographic and medical history information were collected and height and weight were measured by trained study staff. In addition, participants were asked to complete self-report measures of habitual sleep and diet using validated questionnaires. Complete sleep and diet data were available for 495 women. All procedures were approved by the CUIMC Institutional Review Board. Women provided written informed consent and received financial compensation for their participation upon study completion.
Measures
Sleep assessments
Measures of habitual sleep quality were assessed at baseline using 2 validated, self-report tools: the Pittsburgh Sleep Quality Index (PSQI) 25 and the Insomnia Severity Index (ISI). 26 The PSQI is used to assess sleep patterns over the past month and can be completed by the rater alone or with a sleeping partner. This questionnaire provides both a composite score (0-21), indicative of overall sleep quality, as well as subscale values, including subjective sleep quality, sleeponset latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime
Clinical Perspective
What Is New?
• Disturbed sleep is highly prevalent among women, and data from this study show that different measures of poor sleep quality, including greater insomnia severity, longer sleeponset latency, and poorer overall sleep quality, are associated with higher food and energy intakes as well as poorer overall diet quality in a diverse sample of women.
What Are the Clinical Implications?
• These data indicate that unhealthy dietary patterns likely contribute to the relationship between poor sleep quality and increased risk for cardiovascular disease. • Findings from this study suggest that incorporating strategies to enhance sleep quality into behavioral interventions may augment efforts to improve cardiovascular health among women.
dysfunction. Notably, higher composite PSQI scores indicate poorer sleep quality. 25 Total PSQI scores are also used to group individuals into dichotomous categories of overall sleep quality: poor (global sum >5) and good (global sum ≤5). [27] [28] [29] The second exposure of interest for this analysis was sleeponset latency, defined as the length of time between going to bed and onset of sleep. This was assessed using the response to the following question on the PSQI questionnaire: "During the past month, how long (in minutes) has it usually taken you to fall asleep each night?" Participants responded by indicating a duration in minutes, and this value was also scored 0 (≤15 minutes), 1 (16-30 minutes), 2 (31-60 minutes), or 3 (>60 minutes). 25 The presence of insomnia as well as insomnia severity were measured using the ISI. 26 The ISI comprises 7 items measuring 5 different components of insomnia: severity of insomnia symptoms, satisfaction with current sleep, extent to which current sleep interferes with daily function, perception of sleep problems, and the extent to which sleep problems are worrisome. Participants rate these items using a 4-point Likert scale ranging from "Not at all" to "Very much." The global sum of scores for the 5 items is used to determine the level of insomnia severity, ranging from no clinically significant insomnia (scores <8) to subthreshold (moderate) insomnia (scores of [8] [9] [10] [11] [12] [13] [14] , and severe clinical insomnia (scores >21). Thus, insomnia can be assessed along a continuum or can be dichotomized into (1) some, moderate, or severe insomnia (scores ≥8), or (2) no insomnia (scores <8). 30 
Diet assessments
The Block Brief Food Frequency Questionnaire (FFQ) was used to assess habitual dietary intake over the past year. Paper versions of the questionnaire, available in both English and Spanish, were administered by trained staff. This FFQ comprises a list of %70 food items that are commonly consumed by multiple racial and ethnic groups. 31, 32 Participants were asked to indicate how frequently each item was consumed over the past year in addition to the amount typically eaten; visual aids were used to increase the accuracy of portion size estimation. Notably, this FFQ has been validated against more stringent diet meausres. 31 Although estimates of energy and macronutrient intakes were found to be slightly lower in the FFQ compared with 7-day food records, correlations between the 2 measures were moderate for each diet variable assessed, including fat (eg, r=0.63) and energy (eg, r=0.51), 31 indicating reliability of the measure.
Diet variables of interest were selected based on previous experimental and epidemiological evidence of their relationships with obesity and CVD risk 33 as well as with sleep. 9, 15, 16, 21 Raw FFQ data were sent to NutritionQuest (Berkeley, CA) for nutrient analysis using their database. Diet variables extracted directly from the FFQ output were total energy intake, macronutrient intakes (total fat, saturated fat, unsaturated fat, protein, carbohydrate), and fiber intake, as well as food/beverage-specific variables including intakes of fish, dairy, whole grains, added sugars, and caffeine. Two other outcome variables were created using the available data: total weight of food consumed and total FV intake. Total weight of food consumed was calculated by removing all beverages from the food item list and summing the remaining items for each participant. Total FV intake was estimated as the sum of each participant's fruit intake and vegetable intake. All diet variables were energy-adjusted as follows: (1) macronutrient intakes were calculated as a percent of total energy intake, and (2) fiber, FV, fish, dairy, whole grain, and added sugar intakes were calculated as an amount (either weight or servings) per 1000 kcal consumed.
Statistical Analysis
Descriptive statistics for sociodemographic, sleep, and medical characteristics were presented as meanAESD or as a proportion of the total sample size. The mean intakes of nutrients and foods and food groups of interest were also generated. Multivariable-adjusted linear regression models were used to assess associations between sleep and diet variables. Overall sleep quality, sleep-onset latency, and insomnia severity were analyzed as continuous variables (PSQI scores, time to fall asleep in minutes, and ISI scores, respectively). Sleep quality and insomnia were also analyzed as dichotomous variables ( 34 ) and race/ethnicity (White/Non-Hispanic versus Racial minority/Hispanic) were also explored. Where interactions were significant, results were stratified by group. For all analyses, the directions and magnitudes of results of regression models are provided as b-coefficientAESEM. All data were analyzed using SAS version 9.4 (SAS Institute, Cary, NC). Because the sleep quality-diet relationships assessed were based on a priori hypotheses, results were considered statistically significant at P<0.05.
Results
Subject characteristics and sleep metrics for the 495 women included in analyses (baseline sleep and diet data available) are presented in Table 1 . The mean age was 37AE16 years, and over half of the sample (61%) was a racial or ethnic minority. The mean body mass index was 25.9AE5.7 kg/m 2 with a balanced proportion of women with overweight/obesity compared with normal weight (51% versus 49%, P=0.93). Average total sleep time was 6.76AE1.24 hours. Over one third of the sample (≥38%) had poor sleep quality or some insomnia. In addition, 27.5% of the sample had short-sleep duration (<7 h/night) with poor sleep quality, and 24.6% had short sleep duration with insomnia. Average intakes for nutrients of interest for the 495 women who completed the FFQ are presented in Table 2 . Women reported consuming 1433AE862 kcal/d and, on average, exceeded recommendations for total and saturated fat intakes as well as added sugars, but failed to meet recommendations for whole grains, fiber, and dairy intakes.
Associations of Overall Sleep Quality, Sleep-Onset Latency, and Insomnia With Food Intakes
Assessment of the associations of sleep-quality metrics with total and specific food intakes showed that higher PSQI scores, indicative of poorer sleep quality, were associated with a greater total weight of food consumed (b=14.9AE6.6 g, P=0.02) as well as higher intakes of added sugars (b=0.44AE0.21 g/ 1000 kcal, P=0.04) and caffeine (b=0.84AE0.27 mg, P<0.01) ( Table 3 ). In contrast, PSQI scores were inversely related to dairy intake (b=À0.01AE0.01 servings/1000 kcal, P=0.03), meaning poorer sleep quality was associated with lower dairy consumption. There was a significant interaction between PSQI scores and age on whole grain intake (P=0.04); in younger women, higher PSQI scores were associated with lower grain intake (b=À0.04AE0.02 servings/1000 kcal, P=0.02), while this relation was not significant in older women (b=À0.02AE0.02, P=0.36). When analyzing sleep quality as a categorical variable, across all women, poor sleep quality was related to greater consumption of added sugars Longer sleep-onset latency in minutes was associated with higher caffeine intake (b=0.09AE0.03 mg, P<0.01). A sleeponset latency by age interaction was observed for dairy intake (P=0.02). When stratified by age group, there was a significant association of sleep-onset latency with dairy intake in younger women (b=À0.004AE0.001 servings/1000 kcal, P<0.01) but not in older women (b=0.0004AE0.001, P=0.73). When analyzed as a categorical variable, across all women, the greatest level of sleep-onset latency (>60 minutes) was associated with significantly higher intakes of food by weight (b=235.2AE79.6 g, P<0.01), fish (b=5.56AE2.22 g/1000 kcal, P=0.01), and caffeine (b=12.05AE3.32 mg, P<0.01) compared with the lowest level (≤15 minutes). Conversely, when compared with sleep-onset latency ≤15 minutes, taking >60 minutes to fall asleep was associated with lower intakes of dairy (b=À0.21AE0.08 servings/1000 kcal, P=0.01) and whole grains (b=À0.37AE0.15 servings/1000 kcal, P=0.01).
Insomnia severity, assessed both as a continuous and categorical variable, was associated with the total weight of food consumed and caffeine intake. Higher total scores on the ISI were related to higher intakes of food by weight (b=9.4AE4.0 g, P=0.02) and caffeine consumption (b=0.63AE0.16 mg, P<0.001). Furthermore, in comparison to women with no insomnia, those with some, moderate, or severe insomnia had 116AE48.8 g higher total weight of food consumed (P=0.02) and a 6.1AE2.0 mg higher caffeine intake (P<0.01).
Associations of Overall Sleep Quality, Sleep-Onset Latency, and Insomnia With Energy and Nutrient Intakes
Higher PSQI scores (poorer sleep quality) were associated with lower intakes of unsaturated fat (b=À0.14AE0.07% kcal, P<0.05) ( Table 4 ). Assessment of overall sleep quality as a categorical variable also showed that poor sleep quality related to lower unsaturated fat intake (b=À1.41AE0.50% kcal, P<0.01) in addition to lower consumption of total fat (b=À2.14AE0.71% kcal, P<0.01) and saturated fat (b=À0.64AE0.30% kcal, P=0.03).
Longer sleep-onset latency was related to higher total energy intake when analyzed as a continuous variable (time in minutes) (b=3AE1 kcal, P=0.04). This relationship was also observed when sleep-onset latency was analyzed as a categorical variable, such that taking >60 minutes to fall asleep (score of 3) was associated with a 426AE132 kcal greater energy intake than taking ≤15 minutes to fall asleep (score of 0). Analyses of interactions of sleep-onset latency (continuous variable) with race/ethnicity were significant for saturated fat (P<0.01) and fiber intakes (P=0.02). Stratified analysis showed that in White/Non-Hispanic women, longer sleep-onset latency was associated with higher saturated fat intake (b=0.2AE0.01% kcal, P<0.05). Sleep-onset latency was not associated with saturated fat intake in Minority/Non-Hispanic women (b=À0.006AE0.006% kcal, P=0.24). Similarly, in White/Non-Hispanic women only, longer sleep-onset latency was associated with lower fiber intake (b=À0.02AE0.01 g/1000 kcal, P=0.05).
Total ISI scores, indicative of greater insomnia severity, were positively associated with total energy intake (b=17AE7 kcal, P=0.01) and inversely related to total fat (b=À0.15AE0.06% kcal, P=0.01) and unsaturated fat intakes (b=À0.11AE0.04% kcal, P<0.01). These relations persisted in models where insomnia was evaluated as a categorical variable. Compared with no insomnia, having some, moderate, or severe insomnia was associated with 205AE81 kcal higher energy intakes (P=0.01), 1.8AE0.7% lower energy consumed from fat (P=0.01), and 1.3AE0.5% lower energy consumed from unsaturated fat (P=0.01). Notably, none of the sleep metrics were related to protein or carbohydrate intakes (all P>0.08).
Discussion
Assessment of habitual patterns of sleep and diet in a diverse sample of women demonstrated that aspects of poor sleep quality, including longer sleep-onset latency and greater insomnia severity, as well as poorer overall sleep quality are associated with greater energy intake and lower-quality diets. These findings build upon the well-established link between sleep duration and diet 1, 5 by demonstrating that quality of sleep is also related to overall caloric intake and the amount and types of food consumed. Importantly, this is one of the earliest observations of associations of overall sleep quality, sleep-onset latency, and insomnia with diet quality in women across a broad range of ages and race/ethnicities, thereby extending findings of a sleep-diet relation previously demonstrated in populations differing in characteristics such as age 18, 33, 35 and sex. 20, 21 By showing that poor sleep quality can be linked to overeating and poor diet quality in women, this study provides insight into a potential mechanism underlying the relationship between sleep quality and cardiometabolic health in a population at increased risk for sleep disturbances and prone to CVD. 24 Our study, similar to previous studies of sleep and diet, 15, 17, 18 found that overall sleep quality was associated with consumption of certain nutrients and foods associated with disease risk. The association between poor overall sleep quality and greater consumption of added sugars observed in the current study aligns with previous findings that intakes of confectionary and sugar-sweetened beverages were higher in middle-aged Japanese women reporting poor, compared with good, sleep quality. 15 Given that high intake of added sugars increases the risk for development of obesity and type 2 diabetes mellitus, 36 it is possible that overconsumption of sugar-sweetened foods and beverages in response to poor sleep quality moderates the relationship between sleep and glucose dysregulation. 37 Experimental studies testing the effect of varying sleep quality on dietary intakes and subsequent glucose and insulin levels will be needed to confirm this speculation. Contrary to our hypothesis, sleep quality was inversely related to total fat intake and not associated with saturated fat intake. This is divergent from studies on sleep duration and architecture, which find that that shorter and lighter sleep relate to greater total fat and saturated fat intakes, respectively. 38, 39 It is notable, however, that good sleep quality in this sample was also related to higher unsaturated fat intake; consumption of polyunsaturated fatty acids, for instance, can reduce CVD risk. 40 If a large proportion of calories from fat are in the form of unsaturated fat, as is the case in this cohort (45%; data not shown), current results would support a relation between good sleep quality and a healthier dietary fatty acid profile. Women are at heightened risk for obesity, 11 and the most influential factor in determining body weight is energy intake. 41 Data on the association of overall sleep quality with energy intake are both limited and inconsistent. 15, 18 While we did not find overall sleep quality to be related to energy intake in this group of women, longer sleep-onset latency, a component of poor sleep quality and insomnia, was associated with higher caloric intake. Similarly, longer sleep-onset latency correlated with greater intake of food by weight. This could indicate that difficulty falling asleep promotes selection and consumption of larger food portions; portion size is known to be a primary determinant of energy intake. 42 To our knowledge, this is the first observation of these relations in a population-based study. If we interpret the directionality as longer sleep-onset latency contributing to overeating, our findings suggest that strategies to reduce the time it takes to fall asleep, independent of overall sleep quality, could potentially mitigate obesity risk through lowering caloric intake. An alternative interpretation could be that diet quality affects the time it takes to fall asleep, which could in turn influence CVD risk via poor sleep quality. In this case, recommendations to improve dietary intakes should be tested to determine their impact on sleep and CVD risk.
This study extended beyond assessment of general sleep quality to examine the relation between insomnia and diet. Despite women being at increased risk for sleep disorders, 12 few studies have evaluated associations of these 2 aspects of sleep health with diet in women. Data from this study, comprising racially and ethnically diverse women across a broad range of ages, corroborates findings that severity of insomnia is associated with obesogenic dietary patterns in men. 20, 21 Some differences are observed, however, between the studies conducted in different sexes. In men, insomnia symptoms have been shown to relate to the amounts of different macronutrients, 21, 22 fiber, 21 and FV 20 consumed. These relationships were not observed in the current sample of women. A novel finding from this study is that presence of insomnia corresponded with substantially greater intake of food by weight. This is notable given that consumption of large food portions, particularly of energy-dense foods, has contributed to the obesity epidemic. 42, 43 Indeed, severity of insomnia was also found to be positively associated with energy intake in this sample. Given the key role of energy intake in determining weight change, 41 these data suggest that overconsumption of energy may mediate a relation between insomnia and obesity in women. It is of interest to consider possible mechanisms underlying the observed relationships between sleep quality and dietary patterns, as this could aid in the development of strategies to counter overeating in individuals with acute or chronic poor sleep. One way in which poor sleep quality may lead to excessive food and energy intake is through stimulating hunger and/or suppressing satiety signals. Insufficient sleep leads to orexigenic changes in both subjective and objective measures of hunger and fullness. 5, 44 For example, experimental fragmentation of sleep, which altered sleep quality but not duration, led to reductions in the anorexigenic hormone glucagon-like peptide-1 and corresponding ratings of postmeal fullness. 45 Similarly, insomnia can influence activity in the hippocampus, a region of the brain involved in the regulation of food intake, which could have downstream effects on eating behaviors. 46 These potential mechanisms could be used to explain relations observed in the current data set. We found that components of poor sleep quality, particularly insomnia, were associated with increased intake of food by weight and energy. Fullness is largely impacted by the weight or volume of food consumed 47 ; therefore, it could be the case that women with insomnia consume a greater amount of food in an effort to feel sated. If this is achieved by consuming calorie-dense foods, such as those with added sugars, corresponding energy intakes would be higher, as the data suggest. Given that women with insomnia may be predisposed to consuming larger portions, 1 method to counter overconsumption of energy in these individuals could be to target food energy density, promoting consumption of a low energy-density diet. This would allow for intake of their typical larger food portions while maintaining a lower caloric intake and promoting satiety. 47, 48 Another potential explanation for the observed relations between sleep and food weight consumed is that intake of a greater weight of food causes gastrointestinal discomforts, making it harder to fall asleep or remain asleep.
This study provides novel contributions to the current literature on sleep and diet quality but also highlights avenues Table 4 . Mulitvariable-Adjusted Associations of Sleep With Energy and Nutrient Intakes for future research. As noted, sleep quality is less frequently studied in the context of diet than is sleep duration. By assessing various measures of sleep quality, including insomnia, the results of this study supplement current knowledge of the sleep-diet relation and may be indicative of a potential mechanism underlying the relation between sleep quality and cardiometabolic health. Moreover, use of validated measures of sleep and diet are a strength of this study, as many previous studies have relied on measures of habitual sleep quality or insomnia that were not previously validated against objective sleep measures. The FFQ is also a valid measure of dietary patterns 31 ; however, it is noteworthy that this tool, like all other self-reported diet assessments, is susceptible to underreporting. 49 Given the size of the sample, objectively measured food intake or use of doubly-labeled water would not have been feasible. An additional strength of this study is the evaluation of these relationships in a diverse sample of women, which is important given that women have increased susceptibility to sleep disturbances 12 and obesity 11 and are thereby prone to CVD. 24 Future research would benefit from recruitment of an even larger sample, because characteristics such as age or race/ethnicity could modify observed relations. Results from this study suggest that this could be the case, but the study was not powered to test such interactions. A limitation of this analysis is that neither directionality, nor causality, can be determined from this cross-sectional study. There is evidence of a potential bidirectional relation between sleep quality and diet, which requires further investigation. 50 Thus, an important next step would be to assess these associations in a longitudinal or experimental design with objective measures to determine whether sleep quality leads to an obesogenic diet, whether poor diet quality contributes to poor sleep, or both. 51 Using cross-sectional data from a racially/ethnically diverse sample of women from different age groups, we found that poor overall sleep quality, longer sleep-onset latency, and insomnia presence and severity were associated with poorer diet quality. Most notably, longer sleep-onset latency, a marker of poor sleep and insomnia, as well as insomnia itself, related to higher energy intakes. Given that poor diet quality and overconsumption of energy are established risk factors for the development of obesity and other cardiometabolic diseases, future studies should test whether promoting sleep quality (eg, through behavioral treatments 52 such as cognitive behavioral therapy), can augment lifestyle interventions to treat and prevent obesity and CVD in women.
